For a multiple-attribute group decision-making problem with interval intuitionistic fuzzy sets, a method based on extended TODIM is proposed. First, the concepts of interval intuitionistic fuzzy set and its algorithms are defined, and then the entropy method to determine the weights is put forward. Then, based on the Hamming distance and the Euclidean distance of the interval intuitionistic fuzzy set, both of which have been defined, function mapping is given for the attribute. Finally, to solve multiple-attribute group decision-making problems using interval intuitionistic fuzzy sets, a method based on extended TODIM is put forward, and a case that deals with the site selection of airport terminals is given to prove the method.
Introduction
Zadeh [1] put forward the concept of fuzzy sets in 1965; shortly afterward, the theory of fuzzy sets gradually developed. In 1986, Atanassov [2] proposed the theory of intuitionistic fuzzy set (IFS). However, the common fuzzy set can be seen as the special form of IFS. In real life, an accurate definition for the specific membership and the specific nonmembership degree of IFS is relatively difficult [3] . In 1989, Atanassov and Gargov [4] extended the IFS into the interval intuitionistic fuzzy set (IIFS). In the following years, the properties of the IIFSs were further expanded, the changes mainly included related algorithms, the correlation and decomposition theorem, topological properties, correlation coefficient, and the relationship between other fuzzy sets [5] [6] [7] [8] [9] . Xu [10] also put forward several kinds of weighted averaging operators for the IIFSs in 2007. Also, there are some applications and extensions for these operators [11] [12] [13] .
Multiple-attribute decision making (MADM) belongs to multicriteria decision making (MCDM), which has characteristics of discrete types and limited alternatives. The process of decision making is to gather the opinions of all the decision makers for several alternatives. MADM means that there is not only one attribute, and how to integrate the attributes of various alternatives is very important. Therefore, many researchers have devoted themselves to the study of MADM, and rich achievements have been obtained. Specific methods have been used to solve the problems of multiple-attribute decision making, such as the method of choice [14, 15] , the ordering method of compromise [16] , the method of grey correlation analysis [17, 18] , and the TOPSIS method [19, 20] . There are also many other methods [21] [22] [23] [24] [25] , and multipleattribute group decision making has a wide array of theory and practice basis [26, 27] .
Park et al. [28] pointed out that problems in which the attribute weights were unknown and interval intuitionistic fuzzy decision was being applied were difficult. At present, general methods used to solve the problem of multipleattribute decision making with IFS are based on the determination attribute weights [29, 30] . In the recent years, under the condition in which attribute weights are determined, studies have made great progress solving the problem of multiattribute group decision making using interval number information. For example, Bryson and Mobolurin [31] proposed a method of linear programming which was based on the deviation degree. Xu [32] presented the method of relative membership degree. Su et al. [33] put forward an extended VIKOR method for dynamic multiattribute decision making using interval numbers. And Wang et al. did some research that included the condition of uncertainty [34, 35] .
Definitions of IIFSs
Because the concept of IIFS is derived from intuitionistic fuzzy sets, we first define IFS. On the basis of that, IIFS will be defined. The basic algorithms of the IIFS are given, as well as a description of its operators.
Definition 1 (intuitionistic fuzzy set (IFS) [2] ). Let be an IFS; it can be represented as follows:
(1)
In this definition, ( ) represents the membership of the element in the IFS, and ]( ) represents the nonmembership degree of the element in the IFS. Let ( ) represent the hesitancy degree of ; that is, ( ) = 1 − ( ) − V( ).
This expression should satisfy the following conditions:
(1) is a nonempty set; (2) 0 ≤ ( ) ≤ 1, 0 ≤ V( ) ≤ 1, and 0 ≤ ( ) ≤ 1.
Definition 2 (interval intuitionistic fuzzy set (IIFS) [4] ). Let be an IIFS; it can be represented as follows:
In this definition, ( ) represents the lower limit of the membership degree of the element ; ( ) represents the upper limit of the membership degree of the element ; V ( ) represents the lower limit of the nonmembership degree of the element ; and V ( ) represents the upper limit of the nonmembership degree of the element . In addition, let̃( ) be the hesitancy degree of̃; that is,̃( ) = (̃( ) ∪]( )) . This is equal to
(1) is a nonempty set;
Definition 3 (the basic algorithms of IIFS [4] ). Given the following assumptions, leth 1 andh 2 be two interval intuitionistic fuzzy numbers:
Then we have these basic algorithms:
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Definition 4 (IIFWA [10] ). The interval intuitionistic fuzzy weighted averaging (IIFWA) operator is a kind of aggregating operator, which evolved from the intuitionistic fuzzy weighted averaging (IFWA) operator. This operator has been proven, and its specific form is
where ≥ 0, ∈ 0, 1, 2 . . . , , and ∑ =1 = 1, and is the weight of ℎ .
Definition 5 (the distances of IIFSs). Alternatives will be evaluated according to the distance of IIFS. Based on the Hamming distance and the Euclidean distance of IFS, we can extend to the normalized Hamming distance and the normalized Euclidean distance of IIFS. Its specific form is as follows.
Definition 5.1. The normalized Hamming distance of interval intuitionistic fuzzy is as follows:
Definition 5.2. The normalized Euclidean distance of interval intuitionistic fuzzy is as follows:
Definition 6 (the score function of IIFS [10] ). Leth be an interval intuitionistic fuzzy number:
, and let (h) be the score function ofh:
When (h 1 ) < (h 2 ), there ish 1 <h 2 .
Description of the Group Decision-Making Matrix with IIFSs Information
For a multiple-attribute group decision-making problem, we suppose that there is an alternative set ; its form is = (1, 2, 3, . . . , ), and the attributes of the alternative set can be expressed as = (1, 2, 3, . . . , ). Let be the decisionmaker set; that is, = (1, 2, 3, . . . , ℎ). The decision-maker evaluates the attributes of alternative by the form of IIFS. This process of assignment can be expressed as a matrix of
, and the evaluation matrix of all decision makers can be expressed as
Definition 7 (the aggregating of the experts matrix). The IIFWA operator is adopted to aggregate the expert matrix. In this case, we suppose that the weight of expert is known. After a series of calculations, we will derive the aggregation of the experts matrix as ⃗ ( × ); the element of ⃗ ( × ) is , which means that experts evaluate every attribute of every alternative . That is to say, when all of the experts' evaluations of all of the alternatives are put together, they equal one expert's evaluation of all of the alternatives. So, we consider this matrix an overall evaluation matrix:
where ≥ 0, ∈ 0, 1, 2, . . . , ℎ, and ∑ ℎ =1 = 1.
Entropy Weight Method for Group Decision Making with IIFS
The concept of entropy is derived from thermodynamics. C. E. Shannon has recently applied it to information theory. The basic principle is that entropy can be used as a measure of the useful information that the data provides. The entropy weight method has been widely used in the decision-making process. In this paper, the entropy coefficient method is applied to determine the weights of experts and attributes in group decision making using IIFS.
Entropy Weight Method for Determination of Expert Weights
Definition 8 (the entropy of expert). Let be the entropy of expert :
where can be calculated by formula (12) , and its form is as follows:
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Formula (11) is based on the score function, which is proposed by Xu [10] . It is used to calculate the overall evaluating values of expert to the alternative .
Definition 9 (the expert weights). Using the properties of entropy, we find that if the degree of disorder in a system is high, the entropy value will correspondingly be larger. In group decision making, if experts have similar opinions about different alternatives, the entropy value will be larger. That is, the greater the entropy value of expert is, the smaller the differences the results will show. Let be the entropy weight of expert ; its form will be as follows:
where 0 ≤ ≤ 1 and ∑ ℎ =1 = 1.
Entropy Weight Method for Determination of Attribute Weights
Definition 10 (the entropy of attributes). Let be the entropy of attribute :
where ℎ can be calculated by formula (16) , and its form is as follows [37] :
Formula (14) has to satisfy the following conditions:
(1) the relative importance of evaluation attributes and alternatives is independent;
(2) Formula (14) is based on the Euclidean distance of IIFS. The interval intuitionistic fuzzy number ([0.5, 0.5], [0.5, 0.5]) has no hesitancy degree, but its entropy attains the maximum value. That is to say, the positive and negative evidence of this number are accounted equally, and it is impossible to use fuzzy information to describe or make a reasonable judgment.
Definition 11 (the attribute weight). According to the theory of entropy, when the entropy of attribute is greater than the value of other attributes, the value of attribute between every alternative and the optimal strategy will have a smaller difference. In order to facilitate a comprehensive evaluation, the weight of attribute can be determined by . Let be the weight of attribute ; it is formed as follows:
where 0 ≤ ≤ 1 and ∑ =1 = 1.
The Extended TODIM Method for Group Decision Making with IIFS
Based on the above discussion, which included the concept of IIFSs, as well as its basic algorithms and the gathering method of the interval intuitionistic fuzzy matrix, a new method of processing multiattribute group decision making is given, which is called the extended TODIM method. The traditional TODIM method measures the comprehensive degree of an alternative better than others and is extended in this paper to handle IIFS. Assuming the conditions that (a) weights of the experts and attributes are unknown and (b) there is more than one decision maker, we outline the steps of how to use the TODIM method in the next segment.
Step 1. There are experts to evaluate every attribute of alternatives. When evaluating alternatives, IIFSs are used to express the evaluating values. After that, an assessment matrix ⃗ of every th expert will be derived; each row represents an attribute, and the columns represent alternatives. All of the assessment matrices can be expressed as ( ⃗ 1 , ⃗ 2 , . . . , ⃗ ℎ ) .
Step 2. Calculate the expert weights. The weight measure can be determined according to formulas (10) through (12).
Step 3. Aggregate all of the assessment matrices ⃗ . On the premise that the obtained weight values of every expert can be expressed by ( = 1, 2, . . . , ℎ), formula (9) is applied to assemble the advice of ℎ experts, and the aggregating matrix ⃗ ( × ) can be derived.
Step 4. Calculate the attribute weights. On the basis of Step 3, the weight measure can be determined according to formulas (13) through (16).
Step 5. According to the Hamming distance (Definition 5.1) and the Euclidean distance (Definition 5.2) of IIFSs, the distance between every element in the aggregating matrix and the interval intuitionistic fuzzy number ([0, 0], [1, 1] ) can be calculated, respectively, and matrix can be obtained after the distance is gathered into expression (18) , which is shown below. Let be the element of matrix , wherẽrepresents the element of the aggregating matrix ⃗ ( × ):
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The interval intuitionistic fuzzy number ([0, 0], [1, 1] ) is the minimum, so we can define it as the negative ideal point. When the distance between an alternative and this point is larger, the result will be more accurate.
Step 6. When matrix that has been derived is brought into expression (18), matrix will be derived. The function ( , ) is used to represent the degree to which alternative is better than alternative and is the sum of the subfunction Φ ( , ) where applies from 1 to . Subfunction Φ ( , ) indicates the degree to which alternative is better than alternative when a particular attribute is given.
In expression (18) , there is a constant parameter , which is used to represent the sensitive coefficient of risk aversion. When the parameter has different values, the values of subfunction Φ ( , ) will change correspondingly:
Step 7. According to expression (20) , the overall appraisal values of alternatives can be worked out, and these values should be sorted. If the value ( ) is larger than other values, then alternative will be more optimal. Function ( ) will be obtained by matrix , and ( ) represents the degree of priority by which alternative is preferred over the others. Therefore, these alternatives can be sorted according to the results of function ( ). That is to say, if the result of function ( ) is larger, this alternative will be more optimal than others:
Step 8 
Analysis of Examples: The Site Selection of Airport Terminals
An airfield plans to construct different airport terminals in surrounding cities. After preliminary screening, several cities remain for further analysis and research. First, a comprehensive evaluation index system should be established, starting from the following three aspects: number of potential customers, degree of traffic connections, and the existing competitive capacity. The number of potential customers can refer not only to the volume of airline passenger transportation and the rate of growth in recent years, but also to the local economic conditions, such as local GDP, industrial patterns, and other enterprises. The degree of traffic connections mainly takes other modes of transport into account, considers whether the others are convenient and fast and have a high coverage rate throughout the city, and also considers the convenience degree of each traffic connection from the city to the surrounding areas. The existing competitive capacity mainly means the competitive pressures coming from high-speed rail and airport terminals of other airfields, the degree of local government supporting the air transportation industry, and the advantages of relevant policies.
Suppose there are five alternative cities ( = 1, 2, 3, 4, 5). Three experts ( = 1, 2, 3) in the field of aviation are invited to evaluate the five cities using IIFSs. According to the above evaluation index system about remote airport terminals, a similar description of attributes can be made as follows: attribute 1 signifies the amount of potential customers, attribute 2 signifies the degree of traffic connections, and attribute 3 signifies the existing competitive capacity. For the above three indices, IIFSs are adopted to express the evaluated values. When assigning the evaluating values, we assume that the attribute dimensions have been eliminated. Thus, this data can be seen as normalized.
Specific steps are as follows.
Step 1. Determination of basic data: the three matrices below represent the three experts' evaluation of the five cities for every attribute: 
Step 2. Calculating the values of expert weight: according to formulas (10) through (12), the results are shown in Table 1 and the following: 
Finally, the expert weights can be worked out and the results are 
Step 3. The above three matrices of the five cities can apply Definition 6, and, in this manner, they can be integrated into a matrix. The results of the matrix are shown in Table 2 .
Step 4. Calculate the values of the attribute weights. On the basis of Step 3, the weight measure can be determined according to formulas (13) through (16) , and the results are as shown in Table 3 and the following: 
Finally, the attribute weights can be worked out and the results are as follows: 
Step 5 
Step 6. The degree by which a given alternative is superior to all of the others can be calculated using the extended TODIM method. First, work out the values of function Φ ( , ), and then the values of function may be calculated. The value of parameter is given as 0.9, because of the principle that 
Step 7. According to expression (20) , the overall evaluation value of each alternative can be worked out, and the results are as follows: 
Step 8. The values of function ( ) should be ranked by ascending order after Step 7. No matter what kinds of distance formulas were adapted in this process, such as the Hamming distance formula or the Euclidean distance formula, the final results of the sorting are consistent. And it is 2 ≻ 3 ≻ 5 ≻ 1 ≻ 4 . Therefore, 2 is better than other alternatives; that is to say that when the airfield constructs an airport terminals in the surrounding cities, the second city will be the best choice. However, the final results of the sorting can also be used to judge the rationality of the position of the existing airport terminal. For example, assume that city 3 and city 1 already have airport terminals. In this case, if another airport terminal needs to be constructed, city 5 should also be taken into consideration.
Conclusion
A method of multiple-attribute group decision making based on TODIM is proposed to evaluate the information of the IIFSs. The differences between this paper and other studies that discuss the TODIM method of group decision making in the case of unknown weights [29, 30, 43, 44, 47] are made clear. The entropy evaluation method is applied to determine attribute weights and expert weights. The attribute value is expressed as the IIFSs, as distinct from previous expressions, such as the two-dimension linguistic variable and the triangle fuzzy value [11, 18, 45, 47] .
First, we show that expert weights can be obtained using the original expert matrices. Second, we show how the matrices of IIFSs including different expert opinions can be integrated. Then, we discuss how the attribute weights can be worked out on top of the aggregated expert matrix. Finally, using the Hamming distance and the Euclidean distance of the IIFSs, we accomplish the transformation of the matrix. The traditional TODIM method is improved so that it can be used to handle the IIFS information, allowing for a general ranking of the alternatives. Finally, a case concerning the site selection of airport terminals is described to show that the steps of the above method are operable and easy. However, according to the Hamming distance and the Euclidean distance of the IIFSs, the transformation of the matrix is simple, and there must be a more accurate mapping function that can be used to express the relationship. Another deficiency of this paper is the simplicity of the method used to determine weights. Some studies have proposed other methods to solve the unknown weights problems, which may be applied to the extended TODIM method for group decision making with the IIFSs.
